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57 ABSTRACT 

A bistable member including a bistable, invertable dish- or 
dome-shaped base portion and an engaging projection 
extending therefrom. A male member is engaged with the 
bistable member by pressing the male member against a 
central apex of the bistable member that is surrounded by the 
engaging projection, thereby inverting the bistable member 
from a first stable form to a second stable form. In the second 
Stable form, the engaging protrusion and a portion of the 
bistable member wrap around a knob of the male member, 
thereby securing the male member to the bistable member. 
A Subsequently applied triggering energy re-inverts the 
bistable member, thereby releasing the male member. This 
assembly is usable as a Snap fastener by Setting an equilib 
rium point of the bistable member such that a relatively large 
triggering energy is required to re-invert the bistable mem 
ber. The assembly is also usable as a Spring latch to propel 
projectiles (or an ejecting Snap fastener to force open doors) 
by Setting an equilibrium point of the bistable member Such 
that a relatively Small triggering energy is required to 
re-invert the female member, thereby applying a relatively 
large ejecting force to the projectile/door. 

20 Claims, 7 Drawing Sheets 
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BISTABLE MEMBER FOR EJECTING SNAP 
FASTENER AND SPRING LATCH 

ASSEMBLIES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a bistable member usable, 

for example, in a Snap fastener assembly or a Spring latch 
assembly. The present invention also relates to assemblies 
incorporating the bistable member. 

2. Description of the Prior Art 
Snap fasteners employing resilient dish-shaped or curved 

disk-shaped members are disclosed, for example, in U.S. 
Pat. Nos. 4,099,303 and 3,769,664 (Parera), U.S. Pat. No. 
3.538,557 (Hirose) and U.S. Pat. No. 2,816,340 (Domenech 
et al.). In each of these references, the dish-shaped member 
is mounted on a female portion of the fastener, and includes 
hooks or protrusions mounted on legs extending from the 
peripheral edge of the member. When a male portion of the 
fastener is aligned with and pushed against the female 
portion, the dish-shaped member biases the legs Such that 
the hookS/protrusions engage, for example, a slot formed in 
the male portion. Subsequently, when the male portion is 
pushed toward the female portion, the dish-shaped member 
is inverted, thereby disengaging the hookS/protrusions from 
the slot and causing the legs to rotate away from the male 
portion. This allows the released male portion to be sepa 
rated from the female portion. 
A significant drawback to the above-mentioned fastener 

Structures arises because the force used to release the fas 
tener is applied in the same direction as the force used to 
latch the fastener. This creates confusion because it is often 
unclear when the male portion is disengaged and may be 
Separated from the female portion. Specifically, because the 
male portion is not forced away from the female portion 
when the fastener is released, it is difficult to detect when the 
male portion may be separated from the female portion. 
A fastener addressing the above mentioned drawback is 

disclosed in U.S. Pat. No. 5,189,768 (Riceman et al.). This 
reference teaches the use of a Spring located between the 
male and female portions that pushes the disengaged male 
portion away from the female portion. However, this fas 
tener Structure includes an even more complicated Structure 
to incorporate the Spring. In addition, as with the above 
mentioned fastener Structures, the force used to release the 
fastener is applied in the same direction as the force used to 
latch the fastener. Therefore, an operator must push against 
the resilient force exerted by the Spring during both the 
releasing and latching operations. 

Spring latches are mechanisms including a resilient mem 
ber (Such as an elastic rubber Strap, spring or bow) that is 
restrained and triggered by a latching device to eject or 
propel a projectile. Toys and devices which eject/propel an 
article using Such spring latches have been popular for 
centuries (e.g., crossbows, catapults, etc.). The resilient 
member Stores potential energy during a relatively slow, 
typically manual arming process, and then quickly releases 
the potential energy to eject/propel the projectile with high 
Velocity upon triggering by the latching device. A principle 
drawback of these devices is that the latching device must 
have Sufficient Strength to Support the potential energy Stored 
in the deformed, and therefore unstable, resilient member. 
To provide adequate Support, the latching device is often 
bulky or made of high-cost materials, thereby constituting a 
substantial portion of the total cost of the device. 

SUMMARY DESCRIPTION 

The present invention is directed to a bistable member 
that Stores potential energy when pressed by a male member, 
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2 
and releases the potential energy in response to a triggering 
force to eject the male member away from the bistable 
member. Because the triggering force is applied in the same 
direction as the ejection force, the bistable member avoids 
the problems associated with known Snap fastener devices. 
Further, because the bistable member integrates both the 
latching mechanism and ejecting mechanism in a Single 
molded Structure, Snap fastener and Spring latch assemblies 
are economically produced with a minimum of parts. 
The bistable member includes a continuously-curved base 

portion that is invertable from a non-inverted (first) stable 
form, in which a normally-conveX Surface thereof faces 
outward, into an inverted (Second) stable form, in which the 
normally-conveX Surface becomes a concave Surface. In one 
embodiment, the base portion is dome-shaped and has a 
central apex and a circular peripheral edge. The bistable 
member also includes an engaging protrusion (or Series of 
protrusions) extending from the normally-convex Surface of 
the base portion and located between the central apex and 
the peripheral edge. In the non-inverted Stable form, the 
engaging protrusion forms a ring around the central apex 
that is wide enough to receive the head of a male portion. 
When the male portion is Subsequently pressed against the 
central apex of the normally-conveX Surface, the base por 
tion inverts from the non-inverted stable form to the inverted 
Stable form. During this inversion process the engaging 
protrusion moves toward the central apex, thereby wrapping 
around and engaging the head of the male portion. The male 
portion is Subsequently disengaged either by pulling the 
male portion away from the base portion, or by applying 
ejecting (triggering) energy to the temporarily-convex Sur 
face of the base portion, thereby causing the base portion to 
re-invert from the inverted stable form into the non-inverted 
stable form. 

In accordance with an aspect of the present invention, a 
portion of the potential energy used to invert the bistable 
member is recovered when the base portion re-inverts. This 
recovered potential energy pushes the apex of the normally 
conveX Surface toward the male member while the protru 
Sion expands to its original non-inverted shape, thereby 
applying an ejecting (pushing) force on the male member. In 
Snap fastener applications incorporating the bistable 
member, when the male member is manually pulled away 
from the bistable member, the ejection force exerted on the 
male member notifies the operator that Separation from the 
bistable member is completed. In Spring latch applications, 
when a relatively Small triggering force is applied to the 
bistable member, a large portion of the potential energy 
Stored in the base portion is used to propel a lightweight 
male member with high Velocity, thereby providing Several 
amusing applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features, aspects and advantages of the 
present invention will become better understood with regard 
to the following description, appended claims, and accom 
panying drawings, where: 

FIG. 1 is a top view of a bistable member in accordance 
with a first embodiment of the present invention. 

FIGS. 2A, 2B, 2C, 2D, 2E and 2F show side sectional 
views taken along section line 2-2 of the bistable member 
shown in FIG. 1; 

FIG. 3 is a graph showing the work/energy Versus dis 
placement characteristics of the bistable member in accor 
dance with the first embodiment; 

FIG. 4 shows a top view of a bistable member in accor 
dance with a Second embodiment of the present invention; 
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FIGS.5A, 5B, 5C and 5D show sectional side views of an 
assembly in accordance with the present invention; 

FIGS. 6A and 6B are graphs showing the work/energy 
Versus displacement characteristics associated with different 
applications including the assembly of the present invention; 

FIGS. 7A, 7B, 7C and 7D show sectional side views of a 
first Snap fastener assembly according to the present inven 
tion; 

FIGS. 8A and 8B show sectional side views of a second 
Snap fastener assembly according to the present invention; 

FIGS. 9A and 9B show sectional side views of a spring 
latch assembly according to the present invention; and 

FIGS. 10A and 10B show sectional side views of a second 
assembly according to the present invention. 

DETAILED DESCRIPTION 

FIG. 1 shows a top view of a bistable member 100 in 
accordance with a first embodiment of the present invention. 
FIGS. 2A through 2F show side sectional views of the 
bistable member 100 taken along section line 2-2 of FIG. 
1. In particular, FIG. 2A shows the bistable member 100 in 
a non-inverted (first) stable form, FIG.2B shows the bistable 
member 100 in an unstable form, FIGS. 2C and 2E show the 
bistable member 100 at an equilibrium point, and FIG. 2D 
shows the bistable member 100 in an inverted (second) 
stable form. 

Referring to FIGS. 1 and 2A, the bistable member 100 
includes a base portion 110 and a ring-shaped engaging 
protrusion 120 extending from the base portion 110. 
The base portion 110 is a dome- or dish-shaped 

(continuously-curved) structure that has a circular peripheral 
edge 112 Surrounding a central apex 114. The base portion 
110 includes a first (normally-convex) surface 116, and an 
opposing Second (normally-concave) Surface 118. The base 
portion 110 has a diameter D defined by the peripheral edge 
112, a height H measured from the apex 114 to a plane 
defined by the peripheral edge 112 (along a central axis X), 
and a thickness t measured between the first Surface 116 and 
the second Surface 118. 

The base portion 110 is formed from a resilient material 
Such as rubber, plastic, Spring Steel, or a combination of two 
or more such materials. The diameter D, height H and 
thickness t of the base portion 110 are determined in part 
upon the Selected material, and in part upon the particular 
application in which the bistable member 100 is utilized. In 
typical applications, the dimensions are Selected Such that 
inversion (as described below) will not rupture, crack or 
permanently deform the Selected resilient material. For 
example, for a particular material having a thickness t, the 
diameter-to-height ratio (D/H) ratio of the base portion 110 
may be selected for frequent inversion between the first 
stable form (shown in FIG. 2A) and an inverted (second) 
stable form (shown in FIG. 2D). This operation is achieved 
by forming the bistable member 100 from, for example, 
rubber having a diameter D of approximately 1.15 inches, a 
height H of approximately 0.86 inches, and a thickness t of 
approximately 0.18 inches. In other applications the base 
portion may be designed to permanently deform (i.e., 
become locked in the inverted state). The particular bistable 
member dimensions for a given application can be deter 
mined through routine experimentation. 

Referring again to FIGS. 1 and 2A, the ring-shaped 
engaging protrusion 120 extends from the first Surface 116 
of the base portion 110, and is centered on the apex 114 at 
a radius r1. The engaging protrusion 120 is an annular rib 
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4 
that has a height h1 measured from the first surface 116 of 
the base portion 110, and is integrally molded with the base 
portion 110. When the bistable member 100 is in the 
non-inverted Shape, the engaging protrusion 120 has an 
inner diameter d1. The non-inverted diameter d1 and height 
h1 of the engaging protrusion 120 are Selected to correspond 
with the shape and size of a male member (discussed below) 
latched by the bistable member 100. 

FIG. 3 is a graph showing the potential energy Stored in 
the bistable member 100 versus the displacement of apex 
114 along the X-axis. This graph is referred to in the 
following description of the inversion proceSS as the bistable 
member 100 is inverted from the first stable form (FIG. 2A) 
and the second stable form (FIG. 2E). 

Referring to FIG.2B, a loading force sufficient to displace 
the apex 114 an arbitrary distance P is applied to the bistable 
member 100 in a direction along the X-axis. As shown by the 
curve in FIG. 3, the work required to displace the apex 114 
over the distance P is stored in the bistable member 100 as 
potential energy PE1. ASSuming point P is reached before an 
equilibrium (switch-over) point of the bistable member 100, 
if the loading force were Subsequently removed at point P, 
the potential energy PE1 would return the bistable member 
100 to the first (non-inverted) shape. 

Referring to FIG. 2C, as the loading force is applied over 
a further distance, the bistable member 100 reaches an 
equilibrium point E. The work required to reach the equi 
librium point from the first (non-inverted) shape is equal to 
the loading force applied over a distance L, and is referred 
to herein as the latching energy. AS shown in FIG. 3, the 
bistable member 100 stores a maximum potential energy 
PE at the equilibrium point E. If the apex 114 is displaced 
beyond the equilibrium point E, the bistable member 100 
becomes unstable, and Some of the Stored potential energy 
PE is exerted to invert the bistable member 100 into the 
inverted (latched) shape shown in FIG. 2D. In this inverted 
shape, the apex 114 is displaced in the X direction from its 
original position by an inverted distance I. 

Referring to FIGS. 2E and 2F, the bistable member is 
re-inverted from the inverted form in response to a trigger 
ing force applied to the apex 114 in the negative X-axis 
direction. The work required to reach the equilibrium point 
from the inverted Shape is equal to this triggering force 
applied over a distance T, and is referred to herein as the 
triggering energy TE. FIG. 3 shows that as the bistable 
member 100 passes through the equilibrium point E, the 
Stored potential energy causes the apex 114 to rapidly 
displace in the negative X-axis direction over an ejection 
distance EJ until the bistable member 100 re-inverts to the 
non-inverted shape shown in FIG. 2A. The potential energy 
expended over the distance EJ is referred to herein as the 
ejecting energy. 

FIG. 4 shows a top view of a bistable member 400 
according to a Second embodiment of the present invention. 
The bistable member 400 differs from the bistable member 
100 of the first embodiment in that, instead of the continuous 
engaging protrusion 120, the engaging Structure includes 
spaced-apart portions 420A, 420B and 420C. Similar to the 
engaging protrusion 120, the Spaced-apart portions 420A, 
420B and 420C are centered on an apex 414, and are located 
between a peripheral edge 412 and the apex 414. Similar to 
the engaging protrusion 120, the Spaced-apart portions 
420A, 420B and 420C may be integrally molded with the 
base portion 410, or may be attached using an appropriate 
adhesive. By Separating the engaging Structure into Spaced 
apart portions 420A, 420B and 420C, a lower latching 
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energy is required to invert the bistable member 400 (in 
comparison to the latching energy required to invert the 
bistable member 100 of the first embodiment). 

FIG. 5A shows a sectional side view of an assembly 500 
including the bistable member 100 and a male member 550. 
Although the bistable member 100 is identified in the 
following description, the bistable member 100 may be 
replaced by the bistable member 400 (described above). 

Referring to FIG. 5A, the male member 550 includes a 
relatively narrow-diameter shaft 552 and a knob 554 that are 
symmetric about a longitudinal axis 551. The knob 554 
includes a dome or Semi-spherical face 555 having an apex 
556 and an outer edge 557, and a conical neck 558 extends 
from the edge 557 to the outer surface of the shaft 552. The 
male member 550 is formed, for example, from rubber, 
plastic, metal or a combination thereof in accordance with 
the embodiment to which the assembly is directed. 

FIGS. 5B through 5D illustrate a latching process by 
which the male member 550 is engaged by the bistable 
member 100 in accordance with the present invention. The 
latching process is most easily accomplished by pressing the 
male member 550 against the bistable member 100 while 
restraining the peripheral edge 112 of the base portion 110. 
However, a similar inversion proceSS is achievable by apply 
ing a pulling force to the normally-conveX Surface 118 of the 
base member 110. 

Referring to FIG. 5B, the male member 550 is positioned 
adjacent the bistable member 100 with the axis 551 of the 
male member 550 generally aligned with the X-axis of the 
bistable member 100. The male member 550 is then moved 
along the X-axis such that the face 555 presses against the 
apex 114 of the bistable member 100. In response to the 
pressing force applied by the face 555 against the apex 114, 
the base portion 110 of the bistable member 100 begins to 
collapse, causing the engaging protrusion 120 to turn inward 
(i.e., toward the male member 550). 
As shown in FIG. 5C, when a latching energy sufficient to 

invert the bistable member 100 is applied by the male 
member 550, the base portion 110 deforms to the equilib 
rium point. AS the base portion 110 deforms, the engaging 
protrusion 120 is forced further inward toward the male 
member 550. As the bistable member 100 passes through the 
equilibrium point, the engaging protrusion 120 closes 
behind the knob 554. That is, at the beginning of the latching 
process, the engaging protrusion 120 defined an opening d1 
(see FIG. 2A) that is equal to or larger than the diameter of 
the outer edge 557 of the knob 554, thereby allowing the 
knob 554 to enter the opening. AS the latching proceSS 
proceeds, the engaging protrusion 120 is forced inward to 
define a second opening d2 (see FIG. 2D) that is Smaller than 
the diameter defined by the outer edge 557, thereby closing 
behind the knob 554. 

Finally, as shown in FIG. 5D, when the bistable member 
100 is fully inverted, the engaging protrusion 120 rotates 
around the knob 554 of the male member 550, thereby 
capturing it. Specifically, the engaging protrusion 120 and a 
part of the base portion 110 adjacent to the apex 114 form a 
latching mechanism that prevent dislocation of the male 
member 550. 

The male member 550 may remain latched to the bistable 
member 100 for an indefinite period. When separation is 
desired, a triggering energy is required to re-invert the 
bistable member 100 in order to release the male member 
550 from the latching mechanism. This triggering energy is 
applied by pulling the male member 550 along the X-axis, 
or by pushing on the normally-convex surface 118 of the 
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6 
inverted base portion 110. In either case, the triggering 
energy is applied in the same direction in which the male 
member 550 is removed, thereby making the separation 
process obvious to an operator. 
The assembly 500 of the present invention is greatly 

Simplified over prior art devices because the engaging 
protrusions 120 are integrally formed on the normally 
concave Surface 116 to form the latching mechanism for 
retaining the male member 550. That is, the latching struc 
ture is integral to the base portion 110, and utilizes both the 
engaging protrusion 120 and a portion of the inverted base 
portion 110 to retain the male member 550. This simplifies 
the resulting assembly because the bistable member 100 can 
be molded and assembled as a Single part. 

The assembly 500 in accordance with the present inven 
tion has a broad range of applications. The assembly 500 
may be used to produce unique, Simple, reliable, and eco 
nomical devices for fastening/latching a first Structure 
(attached to the bistable member) to a second structure 
(attached to the male member). Alternatively, the assembly 
may be used to produce Spring latch devices by utilizing the 
male member to a projectile. The benefits and advantages of 
these and other applications will become apparent with 
reference to the energy/displacement graphs shown in FIGS. 
6A and 6B, and to the exemplary embodiments discussed 
below. 

FIGS. 6A and 6B are graphs showing the work/energy 
Versus displacement characteristics associated with possible 
applications of the present invention. FIG. 6A shows a first 
energy/displacement graph associated with a first bistable 
member in which the triggering energy TE is greater than the 
latching energy LE. An assembly incorporating Such a 
bistable member may be used, for example, to produce low 
cycle Snap fasteners that are simple, economical and able to 
accommodate large tolerances. FIG. 6B shows a Second 
energy/displacement graph asSociated with a Second bistable 
member in which the latching energy is greater than the 
triggering energy. An assembly incorporating Such a bistable 
member may be used, for example, to produce economical 
high cycle Snap fasteners that require a simple and effective 
means to restrain along with the additional benefit of an 
ejecting/releasing action in response to a relatively Small 
triggering force. This bistable member may also be used to 
produce Spring latch devices that eject a projectile. This 
ejecting/releasing action is possible because Such a bistable 
member returns most of the work exerted during the latching 
process as ejecting energy simply by moving the base 
member back a short distance T to its equilibrium point. 

FIGS. 7A through 7D show sectional side views of a snap 
fastener assembly 700 in accordance with an exemplary 
embodiment of the present invention. 

Referring to FIG. 7A, the Snap fastener assembly 700 
includes a bistable member 710 that is slidably maintained 
in a bracket 720, a first host structure 730 fixedly connected 
to the bracket 720, and a male member 740 that is connected 
to a Second host structure (not shown). 
The bistable member 710 includes a stiffened rib 712 

formed on Surrounding the peripheral edge 714. The rib 712 
provides Smooth sliding and resists detachment of the 
bistable member 710 from the bracket 720. The bistable 
member 710 is otherwise substantially identical to the 
bistable member 100 (discussed above). 
The bracket 720 is a circular member including first disk 

722 and a second disk 724 cooperatively defining a slot 726 
therebetween, and a cross member 728 connecting the first 
and second disks 722 and 724. The first and second disks 
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define central openings for receiving the bistable member 
710. The rib 712 of the bistable member 710 is slidably 
received in the slot 726. The outer peripheral edges of the 
first and second disks are crimped to fasten the bracket 720 
to the first host structure 730, which is formed, for example, 
from a rigid material Such as Stainless Steel. 

FIGS. 7B through 7D illustrate a latching process 
whereby the Second host structure connected to the male 
member 740 is fastened to the first host structure 730, which 
can be a material Such as cloth, or a rigid sheet of plastic or 
metal. In particular, as the male member 740 is pressed 
against the resilient member 710, the bistable member 710 
is pressed against the bracket 720. This pressing force is 
resisted by the second disk 724, thereby causing deforma 
tion of the resilient member (FIG. 7B). As this deformation 
increases, the rib 712 of the bistable member 710 is forced 
outward along the slot 726 (FIG. 7C). Finally, when suffi 
cient latching energy is exerted by the male member 740, the 
bistable member 710 inverts, causing the rib 712 to slide 
back in the slot 726 toward the central opening. Other details 
of the latching proceSS and the Subsequent re-inversion 
(triggering) process are Substantially the same as those 
provided above, and are omitted for brevity. 

FIGS. 8A and 8B show sectional side views of a snap 
fastener assembly 800 according to a second exemplary 
embodiment of the present invention. 

Referring to FIG. 8A, the Snap fastener assembly 800 
includes a plurality of bistable members 810 that are con 
nected to a first host structure 820, and a male member 830 
that is integrally connected to a second host structure 840. 

The peripheral edges 812 of the bistable members 810 are 
integrally connected to the first host structure 820, which is, 
for example, a fabric sheet or a flexible plastic or rubber, or 
spring steel sheet. The bistable member 810 is otherwise 
substantially identical to the bistable member 100 (discussed 
above). Likewise, the shaft 832 of each male member 830 is 
fixedly connected to the second host structure 840, which is, 
for example, a flexible fabric material or a rigid sheet of 
Wood or metal. 

FIG. 8B illustrates the Snap fastener assembly 800 in a 
latched condition wherein the male members 830 are latched 
by the bistable members 810, thereby fastening the first host 
structure 820 to the second host structure 840. The latching 
and Subsequent disengaging (triggering) processes are Sub 
Stantially the same as those provided above, and are omitted 
for brevity. 

FIGS. 9A and 9B show sectional side views of a spring 
latch assembly 900 according to a third exemplary embodi 
ment of the present invention. 

Referring to FIG. 9A, the Snap fastener assembly 900 
includes a bistable member 910 that is mounted on a 
launching structure 920, and a projectile 930 that is latched 
by the bistable member 910. 

The peripheral edge 912 of the bistable member 910 is 
slidably received in a slot 922 of the launching structure 920. 
The bistable member 910 is otherwise substantially identical 
to the bistable member 100 (discussed above). The launch 
ing structure 920 includes a lever 924 that transmits trig 
gering energy to the bistable member 910. The projectile 930 
includes an engaging portion 932 that is Substantially iden 
tical to the male member 550 of FIG. 5, and further includes 
a body 934 and fins 936 for facilitating stable flight. 
FIG.9B illustrates the Snap fastener assembly 900 after a 

triggering force TF is applied to the lever 924. As indicated, 
the triggering energy generated by the triggering force TF is 
transmitted to the bistable member 910, thereby causing the 
bistable member 910 to re-invert. The bistable member 910 
is constructed Such that it has energy/displacement charac 
teristics similar to those shown in FIG. 6B, whereby a 
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relatively Small triggering energy is required to re-invert the 
bistable member 910, and a relatively large ejecting force is 
thereafter transmitted to the projectile 930. As a result, the 
projectile 930 is ejected upward with significant velocity, 
thereby providing amusement. The latching and Subsequent 
launching (triggering) processes are Substantially the same 
as those provided above, and are omitted for brevity. 

Although the spring latch assembly 900 utilizes a lever 
924 to apply the triggering force, other triggering methods 
may be employed. For example, a pushing triggering force 
can be applied by dropping the inverted assembly with the 
projectile 930 pointed upward and the second (normally 
convex) surface 918 of the bistable member 910 facing 
downward. The impact provides enough energy to push the 
bistable member 910 through the equilibrium point, thereby 
releasing the projectile 930 and propelling it upward. This 
actuation can also be initiated by multiple means Such as 
pushing on the convex side of the inverted bistable member 
910 with a push rod or some other device. 
Although the present invention has been described in 

considerable detail with reference to certain preferred 
embodiments thereof, the bistable member may be modified 
to cover a broad range of applications not disclosed herein. 
Some of these possible modifications are discussed in the 
following paragraphs. 
AS Suggested above, the basic function of the disclosed 

bistable member and assembly is easily changed by altering 
the cross-section and/or material of the bistable member to 
get a different behavior to produce additional applications. 
For example, the bistable member may be designed Such that 
the base portion material yields as it passes through the 
equilibrium point, thereby producing a low cycle, Swaged, 
or one time use connector. This additional example further 
Suggests that the bistable member and assembly according to 
the present invention may be of great benefit to a wide 
variety of industries. 

FIGS. 10A and 10B show an assembly 1000 illustrating 
another alternative embodiment of the present invention. 
The assembly 1000 includes a bistable member 1010 that is 
formed with a ring-shaped engaging protrusion 1020 extend 
ing from its normally-concave Surface, instead of the 
normally-conveX Surface as in the embodiments described 
above. With this modification, the bistable member 1010 is 
in a non-inverted shape when a male member 1050 is 
engaged by engaging protrusion 1020 and held against an 
apex 1014 located on the normally-concave surface (shown 
in FIG. 10A). Conversely, bistable member 1010 enters an 
inverted shape when male member 1050 is disengaged (as 
shown in FIG. 10B). That is, the bistable member 1010 is 
inverted from the first (inverted) stable form into a second 
(non-inverted) stable form when the male member 1050 is 
pressed against the apex 1014 in the positive X direction. 
This arrangement may be beneficial in certain latching 
applications wherein a large triggering (disengaging) force 
is desirable. 

Further, a ball or other projectile may replace the male 
member in certain Spring latch applications. 
The above examples Suggest that alternative embodi 

ments and applications, in addition to those disclosed herein, 
are possible. Therefore, the Spirit and Scope of the appended 
claims should not be limited to the description of the 
preferred embodiments contained herein. 

I claim: 
1. A bistable member comprising: 
a continuously-curved base portion formed from a resil 

ient material and having a circular outer edge and a 
central apex, the base member having opposing first 
and Second Surfaces, and 

an engaging protrusion fixedly connected to and protrud 
ing from the first Surface between the apex and the 
Outer edge, the engaging protrusion defining an open 
ing; 
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wherein the base portion is invertable from a first stable 
form to a Second Stable form, and 

wherein the opening defined by the engaging protrusion 
when the base portion is in the first stable form has a 
first diameter when the base portion is in the first stable 
form, and a Second diameter when the base portion is 
in the Second Stable form, the first diameter being 
different from the second diameter. 

2. The bistable member according to claim 1, wherein, in 
the first stable form, the first Surface defines a convex 
Surface of the base portion and the Second Surface defines a 
concave Surface of the base portion, and in the Second Stable 
form, the first Surface defines the concave Surface of the base 
portion and the Second Surface defines the conveX Surface of 
the base portion. 

3. The bistable member according to claim 1, wherein the 
base portion and the engaging protrusion are rubber, and 
wherein the engaging Structure is integrally molded with the 
base portion. 

4. The bistable member according to claim 1, wherein the 
engaging protrusion is an annular rib Surrounding the central 
region of the first Surface. 

5. The bistable member according to claim 1, wherein the 
engaging protrusion comprises a plurality of Separate Sec 
tions Surrounding the central region of the first Surface. 

6. An assembly comprising: 
a bistable member including: 

a dish-shaped base portion formed from a resilient 
material and having opposing first and Second 
Surfaces, the first Surface including a central apex, 
and 

an engaging protrusion extending from the first Surface; 
and 

a male member including a knob, 
wherein the bistable member is inverted from a first stable 

form to a second stable form when the knob of the male 
member is pressed against the central apex of the base 
portion with a predetermined latching force; and 

wherein the knob of the male member is in contact with 
and is held between the central apex of the base portion 
and the engaging protrusion when the bistable member 
is inverted into the second stable form. 

7. The assembly according to claim 6, wherein, in the first 
Stable form, the first Surface defines a convex Surface of the 
base portion and the Second Surface defines a concave 
Surface of the base portion, and in the Second Stable form, 
the first Surface defines the concave Surface of the base 
portion and the Second Surface defines the conveX Surface of 
the base portion. 

8. The assembly according to claim 6, wherein the base 
portion and the engaging protrusion are rubber, and wherein 
the engaging structure is integrally molded with the base 
portion. 

9. The assembly according to claim 6, wherein the engag 
ing protrusion is an annular rib Surrounding the central 
region of the first Surface. 

10. The assembly according to claim 6, wherein the 
engaging protrusion comprises a plurality of Separate Sec 
tions Surrounding the central region of the first Surface. 

11. The assembly according to claim 6, wherein a latching 
energy required to invert the bistable member from the first 
Stable form to the Second Stable form is greater than a 
triggering energy required to re-invert the bistable member 
from the second stable form to the first stable form. 
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12. The assembly according to claim 6, wherein a latching 

energy required to invert the bistable member from the first 
Stable form to the Second Stable form is less than a triggering 
energy required to re-invert the bistable member from the 
Second stable form to the first stable form. 

13. A Snap fastener assembly comprising: 
a host Structure, 
a plurality of bistable members mounted on the host 

Structure, each bistable member including: 
a dish-shaped base portion formed from a resilient 

material and having opposing first and Second 
Surfaces, the first Surface including a central apex, 
and 

an engaging protrusion extending from the first Surface; 
and 

a plurality of male members, each male member including 
a knob; 

wherein each of the plurality of bistable members is 
inverted from a first stable form to a second stable form 
when the knob of an associated one of the plurality of 
male members is pressed against the central apex of the 
base portion with a predetermined latching force; and 

wherein the knob of each male member is in contact with 
and is held between the central apex of the base portion 
and the engaging protrusion of an associated bistable 
member when the associated bistable member is 
inverted into the second stable form. 

14. The Snap fastener assembly according to claim 13, 
wherein, in the first stable form, the first Surface of each 
bistable member defines a convex surface of the base portion 
and the Second Surface defines a concave Surface of the base 
portion, and in the Second stable form, the first Surface 
defines the concave Surface of the base portion and the 
Second Surface defines the conveX Surface of the base 
portion. 

15. The Snap fastener assembly according to claim 13, 
wherein the base portion and the engaging protrusion of 
each bistable member are rubber, and wherein the engaging 
Structure is integrally molded with the base portion. 

16. The Snap fastener assembly according to claim 13, 
wherein the engaging protrusion of each bistable member is 
an annular rib Surrounding the central region of the first 
Surface. 

17. The Snap fastener assembly according to claim 13, 
wherein the engaging protrusion of each bistable member 
comprises a plurality of Separate Sections Surrounding the 
central region of the first Surface. 

18. The Snap fastener assembly according to claim 13, 
wherein a latching energy required to invert each of the 
plurality of bistable members from the first stable form to the 
Second Stable form is less than a triggering energy required 
to re-invert the bistable member from the second stable form 
to the first stable form. 

19. The Snap fastener assembly according to claim 13, 
further comprising a plurality of brackets, each bracket 
connected between one of the plurality of bistable members 
and the host structure, wherein a peripheral edge of Said one 
of the plurality of bistable members is slidably engaged in a 
Slot formed in Said each bracket. 

20. The Snap fastener assembly according to claim 13, 
wherein Said plurality of bistable members are integrally 
molded with the host structure. 


